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INTRODUCTION 
Some authors have demonstrated recently the capability of 
microwave imaging of subsurface defects and material 
characteristics by scanning a suitably excited open-ended 
rectangular waveguide over a multi-layered composite [1,2]. This 
near-field approach of microwave NDE is in some aspects similar 
to the conventional eddy-current based techniques for defect 
detection and imaging in metals [3]. Of course, in non-metallic 
materials, it is the discontinuities in the dielectric property, 
instead of the electrical conductivity, that gives rise to the 
defect signal. Bahr [4,5] has reported various techniques for the 
detection, discrimination, and processing of microwave signals, 
which are also applicable in the lower frequency regime typical 
of eddy current testing. 
In this paper some characteristics of near-field microwave 
NDE using an open-ended rectangular waveguide are examined 
experimentally. The effects of lift-off on the admittance of the 
waveguide and on the sensitivity for air-gap detection in a 
three- layer dielectric system have been studied. The intent was 
to gain some insight into the admittance behavior in order to 
best select operating frequencies and lift-off values for defect 
detection. 
PROCEDURES 
The specimens were lucite slabs having a relative 
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permittivity of 2.8 and lossless. continuous microwave in the 
frequency range of 8-12 GHz was launched from a flanged 
rectangular waveguide (X-band). The amplitude and phase of the 
signal reflected from the dielectric was measured with a network 
analyzer. A one-port calibration, using a short, an off-set 
short, and a load placed at the face of the waveguide, was made 
over this frequency band. Measurements were made as the distance 
(lift-off) between the face of the waveguide and the material 
surface was varied from zero through 1.27 cm. In addition to 
slabs of different thicknesses, three-layer systems consisting of 
an air-gap sandwitched between two slabs were also studied. In 
these specimens, the total thickness of the stack remained 
constant. This allowed a comparison of the response (either 
amplitude or phase) between specimens with and without an air-
gap. These results should exhibit those frequencies and lift-offs 
that achieve high sensitivity for defect detection, and at the 
same time keeping the effect'of varying lift-off to an acceptably 
low level. 
EXPERIMENTAL RESULTS 
The real (G) and the imaginary (B) components of the 
admittance (Y) of the open-end wave guide coupled to a material 
under test are related to the measured amplitude and phase of the 
reflection coefficient (r) by the following expression, 
Y = G + jB = (1 - r) / (1 + r) (1) 
In Figure 1 are shown the admittance components over the 
frequencies 8-12 GHz for several values of lift-off for a lucite 
slab of 0.191 cm . 
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By joining the points in this data set for different lift-off 
values at a fixed frequency, we obtained the lift-off vectors 
(using the terminology of eddy current techniques for metals) as 
shown in Fig. 2. As expected, the admittance components and the 
lift-off vectors varied with material thickness, as shown in Fig. 
3 and 4 for a lucite slab of 0.318 cm in thickness. It is evident 
that instead of approximately straight lines in the impedance 
plane as in the case of low frequency eddy current testing of 
metals, these vectors in the admittance plane for microwave 
testing of dielectrics are curves for the frequencies and 
material thicknesses investigated. 
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Figure 2. Lift-off vectors for the same data set as in Fig. 1. 
Each curve represents data at one frequency as the lift-off was 
varied from zero through 1.27 cm. Frequency in GHz was: ~ 8.00, 
-III- 8.80, .. 9.60, -e- 10.40, * 11.20, -,,10;- 12.00. 
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Figure 3. Admittance components for a waveguide coupled to a 
lucite slab 0.318 cm thick. Symbols have the same meaning as in 
Fig. 1. 
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We defined the sensitivity for air-gap detection in the last 
section as the difference in db in the amplitude, or in degree in 
the phase, when a specimen of a given thickness containing an 
air-gap is compared to one without the air-gap. Table I shows the 
amplitude sensitivity in db in the frequencies of 8-12 GHz and a 
lift-off range of zero through 1.27 cm, for an air-gap of 0.05 
cm, located at 0.318 cm from the front surface of a lucite stack 
of 0.965 cm in total thickness. The corresponding phase 
sensitivity is shown in Table II. When the air-gap thickness was 
changed to 0.165 cm, the data in Table III for amplitude were 
obtained. 
3.----~------~---~------~---~------~---~---__. ~ :: •• · •• ··· ••• ·I.· •• j· •• ·•·•• ••. !=!::f=·.;.·····J: ••• ··• 
i; 1 .........•. + ........ ~ ............ j ............. j ............. j ............. j . ·········i············· 
Z: 0.5 ..... ... . ....... .;. ......... , ............. , ............. , ......... ,...... .: ............ . 
- i! i l i ! ~ 0 ......... ···········t············~·············~·············. ..... . ... ~ ............ . 
;!; .().5 ........................ :~.: ............ ~. .. ,. ., ••.. .. ..•.... ; ...•......... 
- - ........• ,............. !, ............. ! ............... . 
-1 : ! 
-1.5 +-------T' ------_,;..-___ --T-______ -i--___ ---T; ______ ...;i ______ --;.-, -------l 
o 0.5 1.5 2 2 .5 3 3.5 4 
REAL PART 
Figure 4. Lift-off vector for the same data set as in Fig. 3. 
Symbols have the same meaning as in Fig. 2. 
Table I. Defect detection (amplitude) sensitivity for an 
internal air-gap of 0.05 cm thick. 
Lift-off Frequency (GHz) 
(em) 
8.00 8.80 9.60 10.40 11.20 12.00 
0.000 0.2 0.2 -0.8 -1.4 -1.2 -1. 0 
0.064 0.0 0.2 -0.2 -0.8 -1.2 -1.0 
0.127 0.2 0.8 -0.4 -1. 0 -1. 0 -1.2 
0.254 0.6 0.8 0.4 -0.5 -1. 0 -1.2 
0.381 0.2 1.2 0.8 0.2 -1.0 -1.4 
0.508 0.4 1.8 1.0 1.0 -0.4 -1.4 
0.635 0.5 2.2 1.2 2.2 0.0 -2.0 
0.762 3.0 2.0 2.2 4.6 0.0 -3.8 
0.889 1.0 0.0 5.0 15.0 -6.0 -6.0 
1. 016 0.0 -2.0 0.0 -3.0 -7.0 -4.0 
1.143 0.0 -1.0 0.0 -3.0 -7.0 -4.0 
1.270 0.2 0.0 0.2 -0.2 -2.5 -2.5 
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Table II. Defect detection (phase) sensitivity for an internal 
air-gap of 0.05 cm thick. 
Lift-off Frequency (GHZ) 
(cm) 
8.00 8.80 9.60 10.40 11. 20 12.00 
0.000 3 2 3 7 8 12 
0.064 -2 0 3 8 7 10 
0.127 3 2 -2 5 7 8 
0.254 -4 0 -3 2 6 8 
0.381 -5 -2 -5 -4 5 8 
0.508 -12 -5 -5 -10 -5 8 
0.635 -15 -5 -10 -25 5 12 
0.762 -40 -10 -20 -45 -180 25 
0.889 -20 -20 -25 -90 90 50 
1. 016 20 2 20 40 36 36 
1.143 16 6 18 10 25 28 
1. 270 12 10 8 6 10 20 
Table III. Defect detection (amplitude) sensitivity for an 
internal air-gap of 0.165 cm thick. 
Lift-off Frequency (GHz) 
(cm) 
8.00 8.80 9.60 10.40 11.20 12.00 
0.000 -0.5 -0.2 -0.4 -0.4 -0.4 0.4 
0.064 0.5 -0.6 -1.0 -0.6 -0.2 0.0 
0.127 -0.8 -0.8 -0.8 -1. 0 -O.B -0.4 
0.254 -O.B -0.5 -1. 0 -loB -1.5 -1.0 
. 
0.381 -1.0 -0.5 -1.0 -2.0 -2.0 -1.5 
0.50B 0.0 -1. 0 -1. 5 -2.0 -3.0 -2.0 
0.635 -0.5 -0.5 -1.5 -2.0 -6.0 -4.0 
0.762 -2.0 -2.0 -2.0 0.0 14.0 0.0 
0.889 -10.0 -3.0 -2.0 8.0 1.0 -2.0 
1.016 -2.5 -4.0 -5.0 -4.0 -1.5 0.0 
1.143 0.0 0.0 -0.2 -1.6 1.2 O.B 
1. 270 -0.2 -1.0 0.0 -1.5 -1.0 -0.2 
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Several observations can be made from these data. First, 
small lift-off values usually did not provide high sensitivity 
for air-gap detection. This is in contrast to the usually high 
sensitivity for defect detection at zero lift-off for eddy 
current testing in metals. Secondly, the latitude in selecting 
the frequencies and lift-off values to achieve large defect 
detection sensitivity appeared to be larger for phase detection 
than for amplitude detection. Third, the defect detection 
sensitivity changed more abruptly with 11ft-off at some 
frequencies than at others. For example, this is evident when 
comparing the amplitude sensitivity at 10.4 and 12.0 GHz in the 
vicinity of 0.889 cm of lift-off in Table I. Fourth, these and 
other similar data show that the locations in frequency-lift-off 
space having both acceptably high defect detection sensitivity, 
and at the same time are only mildly affected by lift-off 
variations, depend on the location and the thickness of the air-
gap inside the slab , and the overall thickness of the material. 
CONCLUSIONS 
We have examined some effects of lift-off on the response of 
an open-ended rectangular waveguide coupled to a dielectric slab 
with and without an internal air-gap. The lift-off vector changed 
in direction continuously on the admittance plane. By examining 
the sensitivity for air-gap detection and the effects of lift-off 
over the frequencies of 8-12 GHz, we found regions in the 
frequency-lift-off space that provided adequate sensitivity for 
defect detection and also immunity to noise generated by lift-off 
variations. 
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